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@ Semiconductor substrate having a SOI structure and method of producing the same. 
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@ A semiconductor substrate is fornned by bonding 
wafers together by heat-treatment without causing 
the substrate to be thermally damaged to have ther- 
mal strain, separation, cracks, etc. due to a dif- 
ference in the thermal expansion coefficients of the 
wafers. Particularly, a semiconductor substrate hav- 
ing an SOI structure with a silicon film thin enough to 
allow various integrated circuits or TFL-LCD to be 
formed, is produced. After wafers are bonded tem- 
porarily in a low temperature range, one of the 
wafers is made thin by chemical treatment, then the 
wafers are bonded fully by heat-treatment in a tem- 
perature range (where the thermal expansion coeffi- 
cients of the wafer are not affected) higher than the 
above low temperature range, and then said one 
wafer can be made thinner by mechanical grinding 
or polishing mechano-chemically. Even if a semicon- 
ductor substrate is formed by sticking a silicon wafer 
and a quartz wafer together, damages that will be 
caused thermally due to thermal expansion can be 
prevented, and a film can be easily obtained which 
is sufficiently thin as required for forming various 
integrated circuits or TFT-LCD or the like. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 



The present invention relates to a semiconduc- 
tor substrate having an SOI structure (Si/Si O2 
structure) fornned by bonding two wafers integrally, 
and more particularly to a semiconductor substrate 
having an SOI structure formed by bonding a sili- 
con wafer and a quartz wafer together and a meth- 
od of producing said semiconductor substrate hav- 
ing an SOI structure. 

Prior Art 

Semiconductor substrate having an SOI struc- 
ture formed by bonding two wafers integrally are 
quite advantageous as base substrate from which 
highly densified semiconductor integrated circuit 
devices can be constituted and recent years they 
are, for example, used widely as structural sub- 
strate for forming liquid crystal devices for HD 
televisions such as TFT transistors and their pe- 
ripheral drives and control circuits. 

Japanese Patent Application Publication No. 
13155/1975 suggests, for example, as a means of 
producing such semiconductor substrate having an 
SOI structure, a technique for bonding two wafers 
firmly together by heating the two wafers at a high 
temperature (for example about 1,200 °C) under 
an oxidizing atmosphere with them firmly in contact 
with each other. 

However, in the case wherein a silicon wafer 
and a quartz wafer are bonded, according to ex- 
periments conducted by the present inventors, if 
the surfaces to be bonded are polished and 
cleaned, the wafers can be bonded relatively 
strongly even at a room temperature, but when the 
surface of the silicon wafer is subjected to me- 
chanical surface grinding by a surface grinder 
which is a step before the polishing step by abrad- 
ing, the bonding power between the bonded wafers 
is still insufficient and further, since the thermal 
expansion coefficients of them are different 
(thermal expansion coefficient of silicon: 2.33 x 
10~^; thermal expansion coefficient of quartz glass: 
0.6 x 10"^), thermal strain occurs in one of the 
wafers during heat treatment for temporarily bond- 
ing the wafers or during cooling treatment after the 
full bonding, leading to a risk that a crack, partial 
separation or the like will develop to damage the 
wafers. 

To obviate such disadvantages, although there 
are suggested methods wherein two wafers are not 
stuck as above but an amorphous silicon (a-Si) film 
is directly formed on a glass substrate correspond- 
ing to a quartz wafer by vapor deposition or other 
means or a polycrystalline silicon film is formed on 



a glass substrate, for example, by CVD, in the a-Si 
film and polycrystalline silicon film, the mobility of 
electrons in the substrate is greatly restricted and 
therefore the substrate is not satisfactorily suitable 

5 for HD televisions and extra-high-frequency and 
extra-high luminance display devices which will be 
developed in the future. 

That is, when a technique for forming layers by 
the formation of the above a-Si film is applied for 

10 the formation of TFT-LCD (thin-film transistor liquid 
crystal display) or the like, even though TFT tran- 
sistors are embedded highly densely, there is a 
limit to the density of pins to be connected to 
external drive circuits and therefore to effect the 

15 packaging. is quite difficult. 

On the other hand, when the latter polycrystal- 
line silicon wafer is used instead of the wafer 
wherein an a-Si film is formed on a glass substrate, 
the mobility of electrons can be increased in com- 

20 parison with the case of the a-Si film and since 
driving circuits can be integrally formed around the 
TFT region by bonding the polycrystalline silicon 
wafer onto the quartz glass plate (wafer), it appears 
that there is no problem of the packaging. How- 

25 ever, in the structural substrate for forming a TFT- 
LCD, it is required to bring the thickness of the 
silicon layer to an order of 1 um and it is required 
that the bonding power between the quartz wafer 
and the silicon thin film thereon is sufficient be- 

30 cause they will be subjected to a thermal or me- 
chanical impact force in the process of the forma- 
tion of electronic devices, but, at present, the 
above-mentioned technical problem involved in the 
difference of thermal expansion coefficient is re- 

35 mained unsolved. 

OBJECTS OF THE INVENTION 

The present invention has be made taking the 

40 above conventional points into consideration and a 
first object of the present invention is to provide a 
semiconductor substrate having an SOI structure 
by bonding two wafers different in thermal expan- 
sion coefficient, i.e., a silicon wafer and a quartz 

45 wafer by heat treatment, which semiconductor sub- 
strate is free from a risk that the semiconductor 
substrate is thermally damaged to have, for exam- 
ple, thermal strain, cracks, or partial separation due 
to the difference in the thermal expansion coeffi- 

60 cient of the wafers, and also to provide a method 
for producing a semiconductor substrate having an 
SOI structure. 

A second object of the present invention is to 
provide the above-mentioned semiconductor sub- 

55 strate having an SOI structure wherein a thin-film 
silicon layer can be obtained easily which allows 
various integrated circuits or TFT-LCD or the like to 
be well formed and a method for producing such a 
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semiconductor substrate having an SOI structure. 
SUIVIIVIARY OF THE INVENTION 

Generally, when a silicon wafer and a quarts 
wafer whose surfaces are polished and cleaned are 
brought in contact with each other, they can be 
stuck and bonded to a certain degree even at a 
room temperature, but such sticking at about room 
temperature cannot provide a bonding power suffi- 
cient to withstand the surface grinding of the silicon 
wafer for making it thin as described above and 
further if the thickness of the wafers is in the order 
of 500 to 600 um, high-temperature heat-treatment 
which is required for obtaining a bonding power 
which can withstand the surface grinding is impos- 
sible for the reason described above. 

On the other hand, in such sticking of the 
silicon wafer and the quartz wafer at about room 
temperature, since a certain bonding power and 
air-tight adhesion can be secured, it can be said 
that the layer of the thus obtained semiconductor 
substrate can be made thin by etching with a 
chemical such as an aqueous alkali solution. 

However, for the purpose of the industrial pro- 
duction, the bonding of wafers is desirably carried 
out by heat treatment by heating them at a tem- 
perature below about 300 '0, in that heat treat- 
ment temperature range, it is desirable that the 
silicon wafer which is made rather thin to have a 
thickness, for example, of about 300 um and and 
the quartz wafer which is made rather thin to have 
a thickness, for example, of about 300 um are 
temporarily bonded, then the silicon layer is made 
thin, the temporarily bonded wafers are heat-treat- 
ed at a prescribed higher temperature to effect full 
bonding between them to obtain a semiconductor 
substrate having a sufficient bonding power be- 
tween the wafers, and thereafter prescribed surface 
grinding and polishing by abrading are effected, 
thereby a semiconductor substrate having an SOI 
structure is obtained wherein a silicon wafer having 
a sufficiently thinned silicon layer and a quartz 
wafer are bonded. 

Since the semiconductor substrate having an 
SOI structure obtained by carrying out full bonding 
is not formed by boning silicon wafers each having 
an oxidized film but is formed by boding a silicon 
wafer and a quartz wafer whose surfaces are pol- 
ished by abrading and cleaned, the bonding is 
considered to be chemical bonding formed at a 
relatively low temperature due to Si-O-Si bonding 
caused, for example, by dehydration between the 
Si-OH's and therefore it seems sufficient that the 
heat treatment temperature for obtaining thermal 
and mechanical strength enough to withstand the 
processing such as the surface grinding and the 
polishing for the substrate is about 350 ' 0 or over, 



the maximum temperature of which heat treatment 
temperature is set by taking the thickness of each 
of the wafers to be bonded into consideration. 

The present invention has been made based 

5 on the above finding and, in the present invention, 
wafers are temporarily bonded together in a rela- 
tively low temperature range, then one of the wa- 
fers is made thin by chemical treatment, they are 
heat-treated in a temperature range wherein the 

10 temperature is higher than that of the low tempera- 
ture range and will not affect the thermal expansion 
coefficient of each of the wafers thereby effecting 
the full bonding between them, and thereafter the 
mechanical surface grinding and the mechano- 

76 chemically polishing are effected to allow the 
thinned wafer to be made thinner. 

The semiconductor substrate having an SOI 
structure according to the present invention is a 
semiconductor substrate formed by bonding two 

20 wafers different in thermal expansion coefficient, 
which semiconductor substrate is produced by 
heat-treating two wafers, which have been at least 
abraded and cleaned, in a first temperature range 
with the surfaces of the wafers to be bonded being 

26 pressed to each other thereby forming into a tem- 
porarily bonded substrate, subjecting the surface of 
at least one of the wafers of said temporarily bon- 
ded substrate to chemical treatment to make the 
wafer thin, then heat-treating the substrate in a 

30 second temperature range higher than the first 
temperature range thereby allowing the temporarily 
bonded substrate to remain as it is or to be made 
into a fully bonded substrate, then if necessary, 
after chemically treating or mechanically treating 

35 the surface of said one wafer, which has been 
made thin, to make said one wafer thinner, heat- 
treating the substrate in a third temperature range 
higher than said second temperature range is car- 
ried out, where steps of making said one wafer 

40 further thinner and heat treatments in a further 
higher temperature range can be repeated, thereby 
ultimately forming a fully bonded substrate having 
the wafers bonded together, and obtaining the de- 
sirably thinned wafer surface of the fully bonded 

45 substrate by abrading. 

The semiconductor substrate having an SOI 
structure according to the present invention is char- 
acterized in that the thinning of the surface of one 
of the wafers of the temporarily bonded substrate 

60 is carried out by chemical etching with an aqueous 
alkali solution. 

The semiconductor substrate having an SOI 
structure according to the present invention is a 
semiconductor substrate, which semiconductor 

56 substrate is obtained by using as wafers different in 
thermal expansion coefficient a silicon wafer having 
a prescribed thickness and a quartz wafer having a 
prescribed thickness, heat-treating the wafers in a 
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first temperature range having a tennperature of 
about 110 to 350 °C with the surfaces of the 
wafers to be bonded which have at least been 
ground and cleaned being pressed to each other 
thereby forming into a temporarily bonded sub- 
strate, making at least the silicon wafer surface of 
said temporarily bonded substrate thin by chemical 
treatment to cause the surface to have a thickness 
of about 100 to 200 um, heat-treating the tem- 
porarily bonded substrate in a second temperature 
range having a temperature of about 350 to 500 
*C which is higher than said first temperature 
range to form a fully bonded substrate, subjecting 
the thinned silicon wafer surface of said fully bon- 
ded substrate to surface grinding to cause said 
thinned surface to have a thickness of about 20 
um, and polishing said further thinned silicon wafer 
surface by abrading to cause said further thinned 
silicon wafer surface to have a thickness of about 2 
ixm. 

The method of producing a semiconductor 
substrate having an SOI structure according to the 
present invention is a method of producing a semi- 
conductor substrate formed by bonding two wafters 
different in thermal expansion coefficient, compris- 
ing at least a step of heat-treating two wafers, 
which have been at least abraded and cleaned, in a 
first temperature range with the surfaces of the 
wafers to be bonded being pressed to each other 
thereby forming into a temporarily bonded sub- 
strate, a step of subjecting the surface of at least 
one of the wafers of said temporarily bonded sub- 
strate to chemical treatment to make the wafer thin, 
a step of heat-treating the substrate in a second 
temperature range higher than the first temperature 
range thereby allowing the temporarily bonded 
substrate to remain as it is or to be made into a 
fully bonded substrate, if necessary, after a step of 
chemically treating or mechanically treating the 
surface of said one wafer, which has been made 
thin, to make said one wafer thinner, a step of heat- 
treating the substrate in a third temperature range 
higher than said second temperature range is car- 
ried out, where steps of making said one wafer 
further thinner and heat treatment in a further high- 
er temperature range are repeated, thereby ulti- 
mately forming a fully bonded substrate having the 
wafers bonded together, and a step of polishing 
advanced by abrading the thinned wafer surface of 
said fully bonded substrate makes said particular 
wafer thinner. 

The method of producing a semiconductor 
substrate having an SOI structure according to the 
present invention is characterized in that the thin- 
ning of the surface of one of the wafers of the 
temporarily bonded substrate is carried out by 
chemical etching with an aqueous alkali solution. 

The method of producing a semiconductor 



substrate having an SOI structure according to the 
present invention is a method wherein use is made 
of as wafers different in thermal expansion coeffi- 
cient a silicon wafer having a prescribed thickness 

5 and a quartz wafer having a prescribed thickness 
and which comprises a step of heat-treating the 
wafers in a first temperature range having a tem- 
perature of about 110 to 350 'C with the surfaces 
of the wafers to be bonded which have at least 

10 been ground and cleaned being pressed to each 
other thereby forming into a temporarily bonded 
substrate, a step of making at least the silicon 
wafer surface of said temporarily bonded substrate 
thin by chemical treatment to cause the surface to 

15 have a thickness of about 100 to 200 um and heat- 
treating the temporarily bonded substrate in a sec- 
ond temperature range having a temperature of 
about 350 to 500 ° C to form a fully bonded sub- 
strate, and a step of subjecting the thinned silicon 

20 wafer surface of said fully bonded substrate to 
surface grinding to cause said thinned surface to 
have a thickness of about 20 um, and polishing 
said further thinned silicon wafer surface by abrad- 
ing to cause said further thinned silicon wafer sur- 

25 face to have a thickness of about 2 um. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the relationship be- 
30 tween the heat treatment temperature and the 
bonding strength between wafers in the process of 

forming a semiconductor substrate having an SOI 
structure according to the present invention. 

35 DETAILED DESCRIPTION OF THE INVENTION 

Now, the semiconductor substrate having an 
SOI structure according to the present invention 
and the method of producing the same will be 

40 described with reference to an example in detail in 
the order of the steps. 

It is, however, not intended to limit the scope of 
the present invention within the experiment con- 
ditions, the dimensions and materials of samples, 

45 etc. in the example, but it is merely aimed to an 
illustrative purpose, unless otherwise specified. 

In this example, as a base wafer a quartz glass 
plate (wafer) circular in shape and having a diam- 
eter of 100 mm and a thickness of 550 um was 

60 polished by abrading and the surface to be bonded 
was cleaned by carrying out a primary cleaning 
and a secondary cleaning. 

As a bond wafer a silicon wafer circular in 
shape and having a diameter of 100 mm and a 

55 thickness of 550 um is made thin by mechanical 
surface grinding so that the wafer might have a 
thickness of 300 um, then the surface was finished 
by mechano-chemical polishing so that the surface 
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roughness might be in the order of about 5 nm in 
terms of the difference of the levels and the thick- 
ness might be brought to 285 /xm, and the surface 
to be bonded was cleaned by carrying out a pri- 
mary cleaning and a secondary cleaning. In the 
cleaning, particularly in the secondary cleaning, if 
the cleaning means is different from that for the 
base wafer, there is a fear that the subsequent 
bonding will not be smoothly carried out because 
the surface states of the wafers becomes different. 
Thus, in this example, the final secondary cleaning 
was effected with a cleaning liquid of HCI/H2O2. 

The wafers with them being pressed together 
were loaded in a thermostatic chamber and were 
heat-treated by keeping the temperature therein at 
about 1 00 to 350 " C for one hour or over, more 
specifically by keeping the temperature constant at 
300 'C for 2 hours, thereby bonding the wafers 
temporarily. 

The silicon wafer surface of the thus obtained 
temporarily bonded substrate was etched with an 
aqueous alkali solution so the thickness of the 
silicon wafer might be reduced from 285 um to 135 
juLm and then was washed to remove completely 
the alkali used in the etching and others. 

When the temporarily bonded substrate whose 
silicon wafer surface had been thinned was heat- 
treated at a temperature of 450 'C in a gas at- 
mosphere to bond the wafers fully, the bonding 
force between the wafers was high enough to allow 
the substrate to be subjected to surface grinding to 
make the substrate thin as desired and a pre- 
scribed bonding strength was obtained. The bond- 
ing strength was about 800 kg/cm^ on the average. 

The silicon wafer of the substrate which was 
obtained by bonding fully the wafers by heat-treat- 
ment at 450 ° C was subjected to surface grinding 
to reduce the thickness from 125 mm to 20 um and 
when the substrate was heat-treated by heating it 
at 700 'C for 2 hours, it was found that the 
bonding strength lowered extremely. As described 
above, this will be attributed to occurrence of 
cracks or partial separation at the bonded boundary 
between the silicon wafer and the quartz wafer. 

In the graph shown in Fig. 1, the values shown 
near 450 * C indicate the bonding strength after the 
heat treatment at 450 and the values shown 
over 600 " C indicate the bonding strength at the 
time when the substrate was heat-treated at 450 
° C, the thickness of the silicon wafer was reduced 
to 20 um by mechanical surface grinding, and then 
the substrate was heat-treated at the temperatures 
shown in the graph. Herein, 10 samples of wafers 
were measured in each case and the measured 
values were plotted directly. 

Then, the silicon wafer of the substrate ob- 
tained by fully bonding the wafers by heat-treating 
by heating at 450 * C was subjected to mechanical 



surface grinding to reduce the thickness from 135 
jim to 20 um, the periphery thereof was etched 
selectively to remove the peripheral chip to make it 
approximately round, the silicon wafer was polished 

5 by abrading to reduce the thickness thereof from 
20 jLLm to 2 um. Thus it was confirmed that sub- 
stantially a thin silicon film can be formed which is 
required to form thereon various integrated circuits 
or TFT-LCD or the like. 

10 Although bonding between a silicon wafer and 

a quartz glass plate is described in the above 
example, the above technique can be applied natu- 
rally to bonding between wafers different in thermal 
expansion coefficient for the same purpose. It is a 

76 useful means that after the temporary bonding, 
thinning of the wafer and heat treatment in a higher 
temperature range are repeated. 

Thus as described with reference to an exam- 
ple above, according to the present invention, even 

20 if wafers different in thermal expansion coefficient 
are boned to form a semiconductor substrate, a 
risk that the semiconductor substrate will be ther- 
mally damaged due to the difference of the thermal 
expansion coefficient can be eliminated completely 

25 and a silicon layer which Is made thin enough as 
prescribed can be formed easily and favorably, 
which is an excellent feature of the present inven- 
tion. 

30 Claims 

1. A semiconductor substrate formed by bonding 
two wafers different in thermal expansion co- 
efficient, which semiconductor is produced by 

35 heat-treating two wafers, which have been at 

least polished and cleaned, in a first tempera- 
ture range with the surfaces of the wafers to be 
bonded being pressed to each other thereby 
forming a temporarily bonded substrate, sub- 

40 jecting the surface of at least one of the wafers 

of said temporarily bonded substrate to chemi- 
cal treatment to make the wafer thin, and heat- 
treating the substrate in a second temperature 
range higher than the first temperature range, 

45 if necessary, after chemically treating or me- 

chanically treating the surface of said one wa- 
fer, which has been made thin, to make said 
one wafer thinner, heat-treating the substrate in 
a third temperature range higher than said 

60 second temperature range, wherein the step of 

making said one wafer further thinner and 
heat-treatments in a further higher temperature 
range are repeated, thereby ultimately forming 
a fully bonded substrate having the wafers 

66 bonded together, and 

mechano-chemically polishing the surface of 
the thinned wafer of the fully bonded substrate. 
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2. A semiconductor substrate having an SOI 
structure as claimed in clainn 1, characterized 
in that the thinning of one of the wafers of the 
tennporarily bonded substrate is carried out by 
chennical etching with an aqueous alkali solu- 5 
tion. 

3. A semiconductor substrate having an SOI 
structure as claimed In claims 1 and 2, which 

is obtained by using, as the wafers of different io 
thermal expansion coefficients, a silicon wafer 
and a quartz wafer, heat-treating the wafers In 
a first temperature range of about 110 to 
350 °C with the surfaces of the wafers to be 
bonded which have at least been polished and is 
cleaned being pressed to each other thereby 
forming a temporarily bonded substrate, mak- 
ing at least the silicon wafer of said temporarily 
bonded substrate thin by chemical treatment to 
assume a thickness of about 100 to 200 mm, 20 
heat-treating the temporarily bonded substrate 
in a second temperature range of about 350 to 
500 'C to form a fully bonded substrate, sub- 
jecting the surface of the thinned silicon wafer 
of said fully bonded substrate to surface grind- 25 
ing to reduce the thickness to about 20 urn, 
and polishing the surface of said further 
thinned silicon wafer to reduce the thickness of 
said further thinned silicon wafer to about 2 
um. 30 

4. A method of producing a semiconductor sub- 
strate having an SOI structure formed by bond- 
ing two wafers of different thermal expansion 
coefficients, comprising: 35 
a step of heat-treating two wafers, which have 
been at least polished and cleaned, in a first 
temperature range with the surfaces of the 
wafers to be bonded being pressed to each 
other, thereby forming a temporarily bonded 40 
substrate, 

a step of subjecting the surface of at least one 
of the wafers of said temporarily bonded sub- 
strate to chemical treatment to make the wafer 
thin, 45 
a step of heat-treating the substrate in a sec- 
ond temperature range higher than the first 
temperature range, thereby allowing the tem- 
porarily bonded substrate to remain as it is or 
to be made into a fully bonded substrate, so 
if necessary, after a step of chemically treating 
or mechanically treating the surface of said 
one wafer, which has been made thin, to make 
said one wafer thinner, a step of heat-treating 
the substrate in a third temperature range 55 
higher than said second temperature range, 
wherein the step of making said one wafer 
further thinner and heat-treatments in a further 



higher temperature range are repeated, there- 
by ultimately forming a fully bonded substrate 
having the wafers bonded together, and 
a step of mechano-chemically polishing the 
surface of the thinned wafer of said fully bon- 
ded substrate to make said particular wafer 
thinner. 

5. A method of producing a semiconductor sub- 
strate having an SOI structure as claimed in 
claim 4, characterized in that the thinning of 
one of the wafers of the temporarily bonded 
substrate is carried out by chemical etching 
with an aqueous alkali solution. 

6. A method of producing a semiconductor sub- 
strate having an SOI structure as claimed in 
claims 4 and 5, wherein a silicon wafer and a 
quartz wafer are used as the wafers of different 
thermal expansion coefficients, comprising: 

a step of heat-treating the wafers In a first 
temperature range having a temperature of 
about 110 to 350 'C with the surfaces of the 
wafers to be bonded which have at least been 
polished and cleaned being pressed to each 
other, thereby forming a temporarily bonded 
substrate, 

a step of making at least the silicon wafer 
surface of said temporarily bonded substrate 
thin by chemical treatment to reduce its thick- 
ness to about 100 to 200 um, and 
heat-treating the temporarily bonded substrate 
In a second temperature range having a tem- 
perature of about 350 to 500 *C to form a fully 
bonded substrate, and 

a step of subjecting the thinned silicon wafer of 
said fully bonded substrate to surface grinding 
to reduce the thickness to about 20 um, and 
mechano-chemically polishing said further 
thinned silicon wafer surface to reduce its 
thickness to about 2 mm. 
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